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Introduction. — 


The setting out of curves by means of 
ranging rods and instruments does not 
give a sufficient degree of accuracy to 
ensure that the rails are laid with that 
exactness of curvature which is desir- 
able for trains travelling at high speeds. 
This method does not eliminate the irre- 
gularities of curvature which cause 
shocks of a damaging nature to the road 
and the rolling stock and which disturb 
the comfort of the passengers. 


It is consequently no longer-generally. 


-used except to obtain a provisional peg- 
-ging out which enables the versines to 
“be measured and subsequently adjusted 
in order to obtain, according to circum- 
stances, a succession of versines either 
equal to one another or having a suitable 
‘progressive variation (*). 


(4) Translated from the French. 


~ (2) See: Bulletin of the International Taare: 
 . Congress Association (May 1928) and Méthodes de 


rectification du tracé des courbes de chemins de fer 
_ par correction des fléches.(Methods of ajusting rail- 
~ ‘way curves by the correction of versines), by J. Cuar- 
_peLLeT. — L, Eyrolles, Publisher, Paris. 


x—t1 


20°7 to 2037. 


This adjustment, to be reliable, obvi- 
ously requires a knowledge of the versine 
diagrams corresponding to the curves 
utilised to connect straight alignments. 
Engineers’ who have studied the method 
of adjusting curves by the correction of 
versines have not concerned themselves 
with this question. 

Such an omission is astonishing, for 
this new technique would have been less 
suspect and more readily accepted at its 
inception if its introduction had. been 
preceded by these versine diagrams. 
Moreover, an acquaintance with them 
justifies, for, example, the non-rectifica- 


‘tion of certain diagrams which, although 


of irregular appearance represent correct 
alignment. 

The method is indispensable for draw- 
ing correctly diagrams of curvature and 
hence of superelevation; and also for cal- 


culating the levels - of groups. of track 


appliances (points, crossings, etc.) to be 
laid in curves defined by their versine 
diagrams. Finally, it is very useful for 
distributing short rails in curves and for 
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calculating the obliquity at each joint, 
particularly when sections of permanent 
way are assembled in the shops and are 
swbosequently to be placed in position by 
means of mechanical contrivances (*). 

It appears of interest, therefore, to ex- 
amine in this article versine diagrams for 
circular curves and parabolic transition 
curves, and to show how to determine 
the geometrical features of an alignment 
of which only the versine diagram is 
known and how to draw the diagram of 
superelevation therefrom. 


CHAPTER I. 


Various alignments and their 
corresponding versine diagrams. 


Circular curves. 


Firstly versine diagrams for circular 
curves will be dealt with and afterwards 
those for parabolic transition curves. 


a) Versines diagram referring to the 
approaches to the point where a circu- 
lar curve joins directly with a straight 
line; the point of contact of the circle 
with the straight line coincides with 
a peg. 

Let the circular are AX, of a radius R, 
be tangential at A to the straight line AY 
(fig. 1). 

When the tangent point A coincides 
with a peg, the versine at the peg is, 
without appreciable error, equal to 

Dees 
(f being the versine of the circular are 
for a chord AE equal to two lengths d). 


(1) See: Répartition des rails courts em- 
_ployés dans les courbes circulaires et le rac- 
cordement parabolique de chemins de fer (Dis- 
tribution of short rails used in circular curves 
and parabolic transition curves), by J. Cuap- 


_ PELLET. Dunod, Publisher, Paris. 


Therefore, the versine diagram corres- 
ponding to a circular are meeting a 
straight line tangentially is that shown 
in figure 2, and vice-versa this diagram 
represents a circular arc meeting a 
straight line at the tangent point A, if 
the diagram of curvature is a straight 
line drawn parallel to the axis of ab- 


, ; me : 
scisse, at a distance of ik and starting 


from the ordinate of the point A. ~- 
Let the circular are AX be described 
about the point A in an anti-clockwise 
direction (fig. 3). The point B coming 
to B,, the versine /, at the peg A is great- 
er than AD = ox the circular are AX 
cuts the straight line in A making with 
it an angle «, whose tangent is equal to 


oe = = —{) 
OA d i =r Is Q} 


The versine diagram of this alignment 
is shewn in figure 4. 

When f, = f, the circular are AX cuts 
the straight line at an angle a whose tan- 
gent is very approximately equal to 


ae as 


In this case the versine diagram ob- 
tained is represented by figure 5. 

As the circular are AX continues to 
turn, the versine f, becomes greater than 
f and the versine diagram is that of fig- 
ure 6. 

If the rotation of the circular are AX 
about the point A takes place in a clock- 
wise -direction, the versine f, becomes 
smaller than AD, this are cuts the straight 


(1) In practice the are strikes the straight 
line between A and C, figure 3, making a pro- 
jecting angle with AO. 


- 
» 
‘ 
- 
= 


E ; -- 9007 — 


Figs. 1 to-8. ° 


ee 
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line at a re-entrant angle whose tangent 
is approximately equal to 
2 ff 
and the versine diagram shown in fig- 
ure 7 is obtained. 
Vice-versa the versine diagrams of fig- 
ures 4, 5, 6, 7 represent a circular arc 


of radius R cutting a straight line at A, 
at an angle whose tangent is approxima- 


tely equal to 
f 
aoe £5 (h— 5): 


These versine diagrams are only accept- 
able if the expression 


2 ' 
ae a (f Wa, 5] 
is small enough for the angle « to be 
imperceptible on the line of rails. 


The best versine diagram is evidently 
that of figure 2. 


b) Versine diagram for a circular arc 
meeting a straight line tangentially 
when the tangent point does not coin- 
cide with a peq. 


When, on a curve connecting two tan- 
gents it is required to set out equidistant 
pegs (d being their distance apart) start- 
ing at one tangent point, it is seldom that 
the other tangent point coincides with a 
peg. 

Let it be assumed that this tangent 
point T is situated at n metres from the 
peg A (fig. 8). 

The versine f, at the peg O is as 
mately equal to 


CA 1n® An 
See a eee i 9 
OE 2 29h 2a Pr (2) 
but 5 = N measures the length TC as 


a multiple of the interval between pegs, 
from which 


The versine f, at peg 
mately equal to 


A is approxi- 


BD 4 (n + dd)? d)2 

AG =C6 —CA=-> —CA=5 
n* = [ 2 D2 
oh sat [((n + d) In? ] 


=f (meena (2)") ey) 


If as before “ 


mes ; 


N, this formula beco-. 


at ‘ : 
fs aa + 1,2? —2N?]. 

Formulas (1), (2), (3), are intended to 
be used in the method of adjustment 
known as « single radius » when the 
curve, containing no parabolic transi- 
tions, is a circular are tangent to two 
straight alignments. 

For R = 500, d= 10m. n >= 2m, 
n=—4m.,n—6m., n= 8 m., the ver- 
sine diagrams shown in figures 9, 10, 11 
and 12 are obtained. 

Vice-versa, a versine diagram similar 
to the last ones, the value of the versines 
fo, fs, f verifying the equations 2 and 3, 
represents an are of a circle tangential at 
T with a straight line and such that the 
peg A be at n metres from the point T, 
when the curvature diagram is a straight 


line drawn parallel to the abscisse axis, 
at a distance 5 and starting from the 


ordinate of point T. 
If the plotting of the versines of a 


curve gives a diagram similar to those 


of figures 9, 10, 11, 12, the versines 


“fy fay { not satisfying equations (2) and 
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A 


< nde 


Fig. 9. 


Fig. 40. 


(3) this curve is not tangential to the 
straight line. 

In order to ascertain’ how it joins up 
with the straight line, it is enough to 
make a plot of additional versines on a 
number of pegs, one of which coincides 
with point T and one of the diagrams of 
figures 4, 5, 6, 7 is obtained. 


Note. — The versine diagrams of fig- 
ures 9, 10, 14, 12 show bends which are 
not irregularities as might « a priori » 
be imagined. These diagrams are those 
of a correct alignment. Far from im- 
proving them, it’ is often necessary to 
fit them, at one of the extremities of 
the curve, because it is very seldom that 
the two tangent points of the latter each 
coincide with one of the pegs placed at 
10-m. (32 ft: 9 3/4 in.) intervals. 


c) Versine diagram for two circular arcs 


of different radii with connecting tan- 


gents. 

1. The tangent point coincides with 
a peg. 

Let the circular are AMX of radius R, 
and the circular arc ANY of radius R, 


be tangential at A to the straight line DE 
(fig. 13). 


400 98 


ve 440K 
Fig. 11. 


The interval AB = AC. 

AM — 2AB — AN = 2AC. 

The versine at point B is f, = DB, and 
that at C is f, = EC. 

AD is equal without appreciable error 
to AE, hence the tangent point A can be 
taken as the mid-point of DE. 

In the trapezium BDEC, 


AG = BD a EC 
but AG measures, without appreciable 
error, the versine at point A, from which 
wy es 
fs hot 9 
At points B, M, ete., the versine is 
equal to f,, and at points C, N, ete., it 
is equal to f,. 
The versine diagram of this alignment 


is shown in figure 14. 


It should be observed that the straight 
line IK extends over two intervals and 
that the versine at the tangent point A 
is equal to 


fi + fe. 
m4 


_ . Viee-versa, the versine diagram of fig- 


—, 9044) e— 


ure 14 represents two circular arcs of 
radius R, and R,, being mutually tan- 
gential at point A, if the curvature dia- 
gram is represented by two lines pa- 
rallel to the abscisse axis, drawn at dis- 
tances and ‘7 
dinate of point A. 


starting from the or- 


2. The tangent point does not coincide 
with a peg. 

Let TC, a circular are of radius R,, be 
tangential at T to the circular arc TE of 
radius R,; NG is their common tangent 
at T, figure 15. 

Let the point T be n metres away from 
the peg A, the interval being d. 


The versine f, at peg A is equal to 


AK = FK — 


eee 


(d+ nj? 
aay Rat 


(4) 


1 
9} 


| Sle 


IR, aR, 


(Td +n)? - 2 
=3(° -- n) pees’ n)2 i|- oe 


a? 


n 


-s(U +N +U—NPAl—Mh it San. 


The versine fy at points D is equal to f,, being the versine of the circular are of 
radius R, for a chord AE equal to two intervals. 


The versine f, at the point B is equal to 


CN + AF 
9 


a“ 


BM = LM — BL= 


eee 


—BL=s5 


Aid —— d— n)\2 n® (d — nj? ee 
oe am |— 


a 


=) h}— (t= 3) hi 


=F1@—NP f+ NGI—U — NP h 


The versine fe at peg C is equal to f,, 
being the versine of the circular are of 
radius R, for a chord equal to two inter- 
vals. 

For R, = 500, R, = 1000, d —10 m. 
and n = 5 m., n = 8 m., the versine dia- 
grams shown in figures 16, 17 are ob- 
tained. 

- Vice-versa a versine diagram similar to 
the two last, the value of the versines 
fur fs» fis fo verifying the equations (4) 
and (5), represents two circular arcs of 
radii R, and R, mutually tangential at a 
point] T placed n metres away from the 
peg A, if the curvature diagram is com- 


posed of two lines parallel to the abscis- 
se axis, drawn at distances eh and —— 

Ry Ree 
starting from the ordinate of point T. 

It would be very useful to calculate 
and draw versine diagrams of this nature 
for the commoner radii and different 
values of n, for the note appearing on 
page 2009 is applicable to them. 


d) Versine diagrams for two circular 
arcs, of different radii, which inter- 
sect, the point of intersection coincid- 
ing with a peg. 

Let. the circular arcs AMX of radius R, 


th 

oP a4 

ae 
33 


ary, 


Ow Io. Eaaing 
wath Io Awash jelge Sy 


~ 


c 


- 
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and ANY of radius R, be tangential at A 
to the straight line DE (fig. 18). 

The interval AB = AC. 

AM = 2AB = AN =—2AC. 

The versine at point B is /, — DB and 
that at point C is f, = EC. 

It is known that the versine AG at 
point A is . 


yee. 


Let the arc ANY turn into the position 
AN, Y, so that point C comes to C, and 
ct, = =f, as fs. 

Point G has come to G, so that, with- 
out appreciable error, 


beech 
=o: 


The versine AG, at point A is now 
equal to 


Bs easiest 


At points B, M, ete., the versine is 
equal to f,, whilst at points C, N, etc., it 
is equal to f,. 

The versine diagram for this alignment 
is shown in figure 19. 

It is to be noted that the line IK ex- 
tends over only one interval. 

In the rotation of the arc ANY about A, 
the common tangent AD has come to AD, 
so that DD, — f, — f,, without appre- 
ciable error. 

The angle D,AD is that at which the 
two arcs AMX ane AN,Y, intersect; its 
tangent is equal to 2— hh mal 

This form of kee is often. met 
with. 

If the difference of the versines f, and 
f, is small enough, the interval AB being 
usually taken at 10 m. (32 ft. 9 3/4 in.), 
the angle which the two circular ares. 


make with one another causes no hind- 
rance to the passage of trains. When the 
are ANY turns about point A and assu- 
mes an intermediate position AN,Y (not 
shown) between ANY and AN,Y,, point € 
falls between C and C, in a position C, 
(not shown), such that CC, < f, — f,; 
point G, falls between G and G, in 
a Some G, (not shown) such that 


GG. < silt 


shown ) Pe that DD, < f, — f,. 
Let AG, be the new versine at point A; 
then AG, < AG,, from which AG, < f,. 
‘Moreover 


; point D comes to De (not 


lie fe 


AGs — 9 


22.063 


The versine diagram is shown in fig- 
ure 20. 


266, 


For the same reason that CC, — 


and DD, = CC, it follows that 
CC, = 2:66) — 2] AG, " eee 
since 
GG, = AG, a fst he 
and 


) 
DD. =acere a| AC - a 


The angle DAD, gives the angle at 


Fig. 21. 


Explanation of French terms; Angle = Angle. — tgte = 'l'angent. 


which the circular ares AMX and AN.Y, 


intersect, its tangent is equal to 


2 14 ele 
ap | 862 | 


When the are ANY turns about A in 
an anti-clockwise direction (fig. 21), 
point G comes to G,, point C to €,, so 
that CC, — 2GG, and point D comes 
to D,. 

The new versine at point A, equal to 


(A+) 
2 


AG,, is smaller than 


DD, = CC, =2 ibe Ss .) 


and the angle DAD, is that at which the 
two circular ares AMX and AN,Y, inter- 
sect; its pr earn is equal to 


2 ff y2—AG,). 


AB | 2 

This angle is re-entering; it ought al- 
ways to be very small so as to be inap- 
preciable. 

Vice-versa, the versine diagrams of 
figures 19, 20, 22, are those for two cir- 
cular ares of radii R, and R, intersecting 
at the point of contact A, when the cur- 
vature diagram is composed of two lines 
parallel to the abscisse axis, drawn at 
distances x and a therefrom, and start- 
ing at the shine of point A. 


e) Curves of contrary curvature. 


Here will be considered successive cir- 
cular arcs without intermediate straights 


and those which are separated by a. 


straight whose Iength is not greater than 
one or two peg intervals. 


1. Successive curves without an inter- 
mediate straight (fig. 23). — The point T, 
where the curvature changes in sense, is 
determined exactly by the usual method. 
Next the tangents TF and TE to each 
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curve passing through T are drawn. If 
these tangents are collinear, the curves 
are mutually tangential, otherwise they 
intersect. In this case the pegs F and E 
are placed in the line of one of the tan- 
gents and where the versine is zero. 

Then each curve is adjusted separately, 
after having set out the versines in such 
a manner that the point of inflection T 
coincides with a peg. 

2. The two curves separated by a very 
short straight. — The straight is pro- 
duced sufficiently to enable the pegs F 
and E to be placed where the versine is 
zero, and each curve is studied by the 
ordinary methods. 


Parabolic transitions cf theoretical 
spirals, 


a) Curvature diagram for a parabolic 
transition or theoretical spiral when 
the points where the transition is tan- 
gential to the straight and to the cir- 
cular are each coincide with a peg. 


A parabolic transition is a curve whose 
radii of curvature vary continuously from 
+ co (radius of curvature at point O 
where the transition is tangential to the 
straight) to R (radius of curvature at 
peg P where the transition is tangential 
to the circular are of radius R) (fig. 24). 


1 : : 
The curvatures Ray also in a continu- 


1 
ous manner from pecs O at the peg o to 


‘ the curvature of the circular are at 


peg P, their diagram is a straight line 
inclined to the absciss# axis and the cur- 


4 ‘ Suns 
vature -<— at a point whose abscissa is x 
x 


is given by the formula ergs ka, k being 


the slope of this straight line. 


b) Versine diagram for a parabolic trans- 
ition or theoretical spiral when the 
points where the transition is tangen- 
tial to the straight and to the circular 
arc each coincide with a peg. 


The versine of an arc of a parabolic 
transition is proportional to the curva- 
ture of the transition at the middle of 
the are. 


An are of a parabolic transition ABC 
extending over two intervals from (2 — 
d) to (x + d) will be considered. 

Let DBE be the circular are tangential 
at B to the parabolic transition (fig. 25), 
and FBG the common tangent at B to the 
circle and parabolic transition. 


If Ry, is the radius of the circular arc 
DBE, the curvature of the parabolic 


transition at B is equal to —.- 
x 

From B to A, the curvatures of the 
parabolic transition decrease progressi- 


vely from a2 the parabolic transition se- 


Re: 
parates less quickly from the tangent 
FBG than the circular are DBE; conse- 
quently, FA is less than FD; from B to C 
the curvatures of the parabolic transi- 


ee : 1 
tion increase progressively from ra the 
tT 


parabolic transition separates more quick- 
ly from the tangent FBG than the cir- 
cular are DBE; consequently, GC is great- 
er than GE and the circular are DBE 
crosses the parabolic arc at B (7). 


(1) This results, moreover, in that the third 
derivatives of the equations to the oscullatory 
circular are and to the parabolic transition 
are not equal, the first being zero and the 


1 
second equal to —~. 
Renae ck ees Ome 


SASS Ga 


“Hi BEM tec’ + 
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Moreover, AD = CE since the varia- 
tions of curvature are equal at every 
point. 


CE will now be calculated. 
When point B is considered as be- 


longing to the parabolic transition, 
re 2 ‘ 
PB == -——. and the straight line FG pro- 
T2pR 2 ¥P 


duced makes at L with the abscisse axis, 
an angle « whose tangent is equal to 


stages cy 
the derivative of 


xe h 
dx 12pR’ ence 
t —_ 372 = v2 
ae {Oph 4p 
which gives 
43 
) 
pp be op Le 
fog # 3 
4pk 
from which 
LK = +d 
3 
and 
x 
LM = tae d, 
also 
EC=GC—GE, GC=KC—KG, 
7 Opke verea” Aapkaer ei 
KG = LKt =(+ q\ 
ae ata 3 |ipn 
_ 8, wd 2 + Bata 
~ 12pR" 4pR | 12pR 


from which eee a 

Coe x + d+ 322d + 3d? — a3 — 327d 
et) Ss eta 
— 12k 


Without appreciable error 


but 


from which 


208 dx 3072. 
— ApR 4p" 12pR 
x 


GE 
and GE < GC. 
Consequently 


Sada + (3 
12pk 


Sea she d3 


Moses  12pR TepR? 


Calculating DA, 
AD=FD—FA FA=AM—FM 


(wa) © 8 =a? — 372d + 82d? 
Wwe ASph = 1zpR 


es = £ x? 
FM = LM tan o = 5 d Iph 
eaace avd ri— dard 
~ 49pR 4pR- 1p 


we get 


and 
a? — 3 — 322d + 3ad? — a3 + 322d 
ee ey ae 
32d? —d3 
= Spr : 


FA == 


(1) We get 


vw dy 2k de TE EE 
Y=TooR’ da 4ph’ da®  2pR 
and without appreciable error 


R 4 a 
ER gag OGG 
dez—~ 23) 


— 2018 — 


Without t uREesa eS error, 
sad? 
L2pR 


i eee 
4ph 


dl? 
Aph 
x 


ED aes ee 


2Ke 


and FA < FD as was expected. 
Consequently 
Ap ate sat tt 
a 1apk ~ 12pK 


and 


f2pk 
Now let the chords DE of the circular 
are and AC of the parabolic transition be 
considered. These two chords intersect 
at their mid-points since CE — AD and 
HB measures, to a sufficient degree of 
accuracy, the versine ot the osculatory 
circular are DBE and that of the are of 
the parabolic transition ABC. 
We get: 
TS Mike 1 


and the versine of an arc ABC of para- 
bolic transition corresponding to a chord 
AC is proportional to the curvature of 
the transition at the middle of the arc 
ABC. 

The versine diagram of a_ parabolic 
transition is, therefore, a straight line 
inclined to the abscisse axis and the ver- 
sine fz at a point whose abscissa is x 
on the transition is given by the equation 


(1) The ordinates calculated from the equa- 
tion 
08 
Ofer 
can always be referred to an osculatory cir- 
cular are, the origin of abscisse being ithe 
point of osculation, the straight alignment 
being, moreover, an osculatory circle of ra- 
dius «0. 


fe = kx, k being the slope of this 
straight line (fig. 26). 

When taking the versines of a parabo- 
lic transition, it is noticed that the ver- 
sine f’ at peg O ( fig. 24), where the pa- 
rabolic ce is tangential to the 
straight alignment, is. not zero and that 
the versine f, at peg P, where the para- 
Lolic transition is tangential to the cir- 
cular are of radius R, is not equal to 
the versine f, of the latter for the same 
chord. 

Let f, now be calculated. 

Let o P be a parabolic transition tan- 
gential to the straight alignment AB at 
peg O (fig. 24). The versine f, at peg O 
is equal, without appreciable error, to half 
the ordinate y,, of peg 1. 

If in the equation of the parabolic 


ee x 5 
transition, y = T2pR’ x is made equal to 
d, it follows that 
a3 panty 9) a? 
Ya = Tapk © fo= "9 ~~ QApR 


Previously it has been found that CE 
aaa D == - TR therefore CE= AD = y,; 
this is easily explained by the fact that 
the straight line AB may be regarded as 
a circle of infinite radius meeting the 
parabolic transition tangentially at 0, and 
that, at the extremity of each interval, 
the transition always deviates by the 


same amount ———~ R from the circle which 


q3 
12pR 
is tangential to it at the beginning of 
each interval. 

Let f, now be calculated. 

Let. the parabolic transition MAP which 
is tangential at P to the circular are PC 
of radius R be now considered (fig. 27). 

On either side of point P, take PC 
= PA = PD = d (the length of the 
interval). 
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Let chords AC and DC be considered. 

The versine fp of the parabolic transi- 
tion at P is equal to PE; f,, that of the 
circle of radius R, is equal to PG. 

Then 


PE = PG — GE = /, —GE. 


But 
= AD 1 @B as 
Cie ae IzpR 4p'RK 
and 
: ; de 
PH =n — fr — ZR ; 


The diagram of versines obtained after 
perfect pegging out of a theoretical pa- 
rabolic transition is then represented by 
figure 28. 

Note that the straight line FI produced 
meets the abscisse axis at point O and 
the horizontal line AB at the end of the 
pth ordinate. 

From what has been written above, see 
paragraph a), the curvature diagram is the 
straight line OB, when the scale of cur- 
vatures is suitably chosen. 

Conversely a diagram of versines si- 
milar to that of figure 28 represents a 
theoretical parabolic transition, when the 
curvature diagram is the straight line OB 
(the scale of curvatures being suitably 
chosen), if | 

os dé ad’ 
f= gape 1! 8 ap 
c) Equation to theoretical parabolic trans- 
tions, in terms of K, the difference 
between two successive versines. 


The ordinate BC of a parabolic transi- 
tion, at peg B situated at a distance a 
from the origin O, measures the amount 

ve 


of slue to be given to point C in the 
straight line to bring it on to the curve 
‘at peg B. (fig. 24}. 
The versines of a straight alignment Fig. 27. 


al ere 


. — : 
_ 2 » «fe i x oy J [iiG? REiR 20. Tole 
» ent. 42 Ssi0al 


ig he Dl sae aee Ses a = 

P har hey \oh Fpery cA. pag ai Ast 
ie its pyitte rriige cam end aie 

~ ae aN, Serine a, a 


Let OAM be the curvature diagram of 


_the transition under consideration (fig. 
26). 


At peg B, whose abscissa is 2, the cur- 


vature is equal to 


Re 
a | ‘ 
The sum ¥} ne of the curvatures is 
(2) x 
equal to the area of the triangle OAB, or 


pee p> Measuring distance x in mul- 
= a 
tiples of the interval d. 

The resultant of the curvatures, consi- 


dered as forces, obviously passes through 
the centroid of the triangle OAB, that is 


Wie ; 
5 from B and its moment 
about B is equal to 


to say at 


poled de sted tat, 

ee hg de ea. Sf 
se eS 4 
substituting 7 for 5: 


If CDEN is the versine diagram for 
the parabolic transition, 


fax 4 kX? 


The sum of the moments of the transi- 
tion from O to B is therefore equal to 


LE Se 
3a 2 6 @ 


and the ordinate BC is equal to 


since K = kd. 


X—2 


Calculation of versine fat peg O. 


The ordinate y, at peg 1, whose ab- 
scissa is equal to d, has the value : 


_ kit _ kd _ kK 

ee Lene 
whence 

hor pire atk yee 

lore Strep ters “Gh 


It has also been observed (p. 2018) 

that 
AD = CE= 9; 

whence 
kdy tek 
ee 
Calculation of versine f,at peg P. 
Now 


AD = CB = 


de 
h=h ~ Fp 
but 
as Yi K 
Mpk 9 = § 
whence 
Phe 


It should be noticed that by compen- 
sation the versine f,, at the tangent point 
with the straight line, not being zero but 
equal to - the, pth versine, at the tan- 
gent point with the circular arc, is not 
equal to fr— e 
d) Diagram of versines and curvatures 

of a theoretical parabolic transition 
when the points, where the transition 
is tangential to the straight line and to 
the circular arc, do not both coincide 
with a peg. 

Let the parabolic transition AY be tan- 
gential to the straight XX’ at the origin 
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A (fig. 29), such that A is situated be- 
tween pegs O and B and at a distance n 
from peg B. 

Calculating the versine f at peg O and 


versine /;, at peg B, 


ee 


we get f= OD = 


Now the ordinate BE of the transition 
according to equation (6) is equal to 
n3 Kn? K 


a Bas? whence fp = Tues aN (7) 


fa gives length AE in multiples 


d 
of the interval d. 


Also f; = BF = EF — EB, but EF = we 
whence 
f= 
anne) HP Som 
a at 1+N)8 iN being equal to “| 
EB = ae = “ N3 


from which 
fo= FP (L4+N§ — ENS 
K {-_N)3 — 9N3 
= & [(t--N)P — 2N°] 8) 


Let us consider next the part LPQ of 
this transition (fig. 30) which is tangen- 
tial at Q to the circular arc GNT of ra- 
dius R so that Q is at a distance m from 
point P. 

The versine f,, at peg P is equal to PI 
= PN + NH — IH, PN is the amount 
by which the transition PQ withdraws 
from the circular arc QN, at distance m 
from the tangent point Q. 


The equation to the parabolic pea 


tion being y = PN is equal to 


axe 
12pR’ 
(see page 2018). 

Evaluating 12pR as a function of K 
the difference between two successive 
versines of the transition and of the 
interval d, 


this gives 


Mes K23 
Y= TopR Bae 
whence 
3d3 
nt ahs 2 
12pR K 
-and . 
: Km? K m? 
ON Sa (9) 


NH=f (versine of circle, radius R, 
for a chord GT = 2 d). 


LG _ K (m+d)3 
aD ee Ri pie 
whence 
<i aoe” K (m+d)8 
arr Eph aed Ser 
tan = {my 
all eG i 27) | 
=f shit + M)? — 2 M3} (10) 


' m 
if M — = denotes the distance PQ as a 


multiple of the interval d. 

The versine f, at peg T is equal to 
TU = TV — VU (fig. 34), TV = f, VU = 
PN K m3 


a 6 at 

K m8 K 
From which lo | onan 5 qe = 7 M3 (14): 
on making > —=M. 


The Spe K between two succes-- 


oh 


| 
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Fig. 30. 


sive versines is equal to the value of ver- 
sine f divided by the number of intervals 
over which the parabolic transition ex- 
tends. 
Knowing /, K and the particular ver- 
sines fo, fs, fe, fr, it is easy to construct 
the diagram of versines for the theore- 
tical parabolic transition. 

If the following substitutions are made 


in equations (7), (8), (10), (44), tak- 


ing K = 12 mm., and d = 10 m., with 


N == 02 N = 08 
M = 08 M = 04 


the versine diagrams of figures 32 and 33 
are obtained. 

According to what has been previously 
stated, the curvature diagram is the 
straight line AQ,, when the scale for cur- 
vature is suitably chosen. 

Conversely a versine diagram similar 
to the latter, the values of the versines 
To, fa, fe fr. Of K and of d verifying 
equations (7), (8), (40), (41), repre- 


Fig. 31. 


sents a parabolic transition tangential at A 
to the straight line and at Q to the circle 
whose versine is /,; and such that point A 
is n metres distant from point B and 


‘point Q is m metres from point P, if the 


curvature diagram is the straight line 
AQ,. 
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e) Diagram of versines and curvatures 
for two circular arcs of different ra- 
dius, joined by a parabolic transition. 


1. When the tangent points of the cir- 
cles with the transition each coincide 
with a peg (fig. 34). 


On applying equation (9)~it is easily 
found that the versine diagram is that 
shewn in figure 35, the straight line A,Q, 
being, to a suitable scale, the curvature 
diagram. 


2. When the tangent points of the cir- 


cles with the transition do not coincide 


with a peg. D 
Let AX be the circle of radius R, and 


QS the circle of radius R, joined together 
by the parabolic transition A...... Q. (fig. 
36), and let A be the tangent point of 
the circle, radius R,, with the transition, 
A being situated at n metres from peg B; 
also let Q be the tangent point of the 
circle, radius R,, with. the transition, 
being situated at m metres from peg P, 
it is easily seen that 


fp-hte™ (12) 


(f, = versine of circular arc whose ra- 
dius is R for a chord equal to 2 d). 


fe=h+elU +N) —2Ny] (13) 


a ae 


i) ee ‘ac 
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(f., versine of the circular are of radius 
R., for a chord equal to 2 d). 
[Equations (14) and (415) are identical 
with equations (10) and (41). 
For K ==42 mm., N —= 0.20) M == 03, 


gut wise 
We I 
cd ; 
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1] 
paeer l 
ne 
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: G 6 | 
i Bu { 1] i | 
=== ee Ms | | 
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AN Wee Et 
oA. B @ Pu OmS Tomeaes 
Fig. 38. 


On making f,—0, equations (7) and the versine diagrams of figure 37 is ob- 
(8) result. tained. 
K _ For N = 08, and M = 0.2, the versine 
fo =f2— g (1 +M)?—2M*] (14) diagram is that of figure 38, the straight 
line A,Q, being, to a suitable scale, the 
i= b.— - <x M3 (15) curvature diagram. 
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Conversely, a versine diagram similar 
to the latter, the value, of fo, fa, f., Sr; 
of K and of d verifying formulas (12), 
(13), (14), (15) represents a parabolic 
transition joining two circles of radii R, 
and R, respectively, being tangential to 


the first circle at A and to the second 
circle at Q, and such that point A is si- 
tuated at n metres from peg B, and point 
Q at m metres from peg P, if the cur- 
vature diagram is the straight line A,Q, 


Note. — The diagrams of figures 28, 
32, 33, 35, 37, 38 show inflections which 
do not constitute irregularities as might 
be imagined at first sight. 

These versine diagrams are those of 
correct alignments, whose progressive 
curvatures are represented by the straight 
lines OB, AQ,, or A,Q,, if the scale is 
suitably chosen. 

Instead of improving them, it is often 
necessary to effect them at one of the 
extremities of the curve because it is 
very seldom that the tangent points of 
parabolic transitions in a curve each coin- 
cide with one of the pegs at intervals of 
410 m. (82 ft. 9 3/4 in.). 


Parabolic transitions or incorrect spirals. 


a) Characteristics of the curve having 
for its versine and curvature diagram a 


straight line inclined to the abscisse 
axis. 


Assuming the straight line AP’, (fig. 
39) to be the versine and curvature dia- 
gram (if the curvature scale is suitably 
chosen) of a curve having progressive 
curvatures, what are the characteristics 
of this curve ? 

It is noticed that f, =0, fe, = fr, 
whilst the versine diagram for a theore- 
tical parabolic transition would give 

Nat: Ko K 
pie Be fag Cras 


In order to understand the nature of 
the contact of this curve with the straight 
line and with the cireular are of radius 
R, let the transition ABP (fig. 40) be 
drawn tangential to the straight line and 
to the circular are, of radius R, at A and 
P respectively. 


K 
The versine at point A is equal to B’ 


in order to reduce it to nothing it is 
sufficient to rotate the transition about 
point A so that point B comes to B, on 
the straight line XX’. The transition has 
taken up the position AB,P,. At peg P 
the versine is equal to fg — 4 in order 
that it may become equal to f,, let the 
circular are rotate about peg P, so that 
DE ‘ and then 
6 
ie Kine 
fey [ae fe 
Point C, has come to F so that 
HK 
=9_ =a. 
FC, = 2 6 3 
Finally the versine diagram for the 
transition thus modified, measured be- 


‘tween pegs P, and A is a straight line 


P’, A, inclined to the abscisse axis 
(fig. 39). 
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a5 (fet) 


Fig. 42. 


Conversely, if the arc AB, (fig. 40) be 
neglected, which in practice is confused 
with the straight XX’, the straight line 
AP’, represents an are of transition B,P, 
cutting the straight alignment at B, at 
an angle a, (fig. 40), and cutting the 
circle which it meets in P, at an angle 
Gp,- 

Evidently this interpretation is exact 
only when the curvature diagram is the 
straight line AP’, (the scale of curvatures 
being suitably chosen) or a straight line 
such as AP’,, the scale of curvatures be- 
ing anything ('). 

At B,, the radius of curvature is 
equal to e (?), and at P, it is equal to R. 

If the versine diagram extends over n 
intervals, the length of the are of the 
transition is equal to ve — 1) intervals. 

Calculating O45 

a, =a, — a (fig. 40). 

BR, 

tan o% = seis : 

The equation to the transition, as a 
function of K, the difference between 

Kas 
two successive versines, is Y = aa" 

(1) This versine diagram may also repre- 
sent a curve composed of circular ares of 
radius Ry, Rz, Ry, ete, tangential to one an- 
other and to the straight line and whose ver- 
sines are in arithmetical progression. But then 
the curvature diagram is no ‘longer the line 
AP/,, it is formed of lines parallel ito the ab- 
scisse axis, of lengths equal to those of the cir- 
4 1 
Re ie 
ete., and the superelevation can no longer be 
conveniently attained because it would be ne- 
cessary ‘to have a series of steps. 

(2) Actually 


. 4 
cular arcs and drawn at distances. —, 


kod ha hen 
[et ea 

ry | d 

for w=d,; y'=—=-andR=—. 
Re ge ee 


hence tan 6», = 


For «= d, Y= BB, = 


and tan a) = . 


For calculating «',, we note that the 
displaced transition AB,P, is tangential 
at A to a straight line X, X’, which cuts 
the straight line XX’ at an angle a». 

In consequence, the ordinates of this 
transition ought to be referred to the 


an ag 
straight line X, X, and a’; = tan ait 


point B, whose abscissa is equal to d. 
From 


‘, Kz? 
pager 
is obtained 
dy __ Ka? 
dx 4d 


and when xz = d: 


dy sal: 
dz “a 
and '=—t = 
a { an a 
whence 
Ser -1 K 
a, = tan i tan aq 


‘On replacing the angles by their tan- 
gents, the angles being very small 


Let us calculate §,,. 


It has-been seen that FCs : (fig. 40), 


3 
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For a circular are of 500 metres radius 
and a transition of 80 metres length, 


angles g, and 8, are very small and may 
be neglected. 

On rotating the transition about O, in 
such a manner that point B (fig. 42) 
withdraws from the straight line, versine 
fo becomes greater than and the ver- 
sine diagram for the transition in the 
neighbourhood of the origin O is that 
of figure 41. 

If f’, is the new versine at O, the trans- 
ition then makes with the straight an 
angle a whose tangent is equal to 


3 (I'e— b)=3 (oF) =4(t-—5) 


(fig. 49). 

It is seen likewise that when the ver- 
sine f’, at peg P is greater than f,, the 
circular are and the transition intersect 
in P at an angle 8, whose tangent is 
equal to 


De 
qe — fr) 
and when the versine [> at peg P is 


smaller than f, = fr — 6’ the circular 


are and the transition make a re-entering 
angle at this peg whose tangent is equal to 


2 1A 
q le — f'n) 


For the two last cases, the versine dia- 
grams in the neighbourhood of peg P 
are those shown in figures 43 and 44. 


Note. — From an inspection of figures 
34 and 35 it is similarly seen that the 
straight line A,Q, (fig. 45) is the versine 
diagram for an are of a parabolic transi- 


Qr 


! 


eel, Clipe Wrens! ahi Mua RS 6 


Fig. 45. 


{ 
i 
{ 
{ 
| 
| 
| 
{ | y 
i 
Q 


tion making at A, with the circle of ra- 
dius R,, and at _Q, with the circle of ra- 
dius R,, angles whose tangents are equal 


to Aon condition that the line A,Q, 
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should be the curvature diagram (the 
scale of curvatures being suitably cho- 
sen). 

At A the radius of curvature is equal 
to R,, at Q it is equal to R,. If the ver- 
sine diagram extends over n intervals, 
the are of the transition has a length of 
n intervals. 


Fig. 46. 


This versine diagram may also repre- 
sent a curve composed of circular arcs 
of radii R,, R,, R,, etc., tangential to one 
another and to circles of radii R,, R, 
[see foot note (1) on page 2028]. 


b) Characteristics of the curve having as 
versine and curvature diagram a bro- 
ken line OFA inclined to the abscisse 
axis (fig. 46). 


Let a part of the diagram extending 
over two intervals and composed of two 
MF and FN, cutting at F, be considered. 

The slope of MF is k,, that of FN is k, 
(fig. 47). 

MF is the diagram of a section of a 
parabolic transition whose versines would 
be given by the equation f,, = k, 2; FN 
is the diagram of a section of a transi- 
tion, different from the preceding one, 
whose versines would be given by the 
equation f, = k, x. 

These two transitions meet a peg B 


since they have the same versine BF at 
this point. 

Let the circular arc DBE be drawn, of 
length equal to 2 d, and having BF for 
its versine (fig. 48). 

k,d 

Let AD = EH = care 

‘fhe arc ABH is an arc of a transition 
tangential at B to the circular are DBE; 
its versine diagram is the straight line 
MFP (fig. 47). 


Let EC = DK = 


is an arc of a transition tangential at B 
to the circular arc DBE, its versine dia- 
gram is the straight line QFN (fig. 47). 

Considering the alignment ABC, and 
taking chord AB, versine BG at B is 
ereater than BF. 

In order to make BG equal to BF, it 
is necessary to rotate are BC about point 
B in-such a manner that point C comes 
to H and that chords AH and AC coin- 


it the are CBK 


cide. Point C then describes a circular 
are equal to 

7 _ kod kd. fkg— 
CH=ECG—=RH = =—s — tal 5 


and the ares of the transitions AB and 
BC intersect at B making an acute angle 
whose tangent is equal to 


a(2= ee = Ky (4 
3d 3 3d 
It should be observed that angle MFN 
(fig. 47) is convex towards the abscisse 
axis; if it were concave, that is to say if 
k, were less than k,, the angle of inter- 
section at B of the transition arcs AB 


(1) When the two parabolic transition ares 
OB and BC are tangential at B, the versine 
at this peg is equal to 


BF +FG=Br + S2—%, 
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and BC would be projecting instead of 
re-entering. 

The curvature diagram being the broken 
line OFA (the scale of curvatures being 
suitably chosen) the versine diagram of 
figure 46 corresponds therefore to a 
curve formed by two sections or arcs of 
different transitions which intersect at 
peg B forming a re-entering angle 
whose tangent is equal to 


cre ee 


Moreover, at peg O, the versine [,, being 
zero, the first are of transition cuts the 
straight line at an angle whose tangent 

2K 
ne 

At peg C, the second transition cuts 
the curve of radius R at an angle whose 


is equal to =— 


: Ke 
tangent is equal to —. 
: 3d 


¢) Characteristics of parabolic transi- 
tions defined by the versine diagrams 
of figures 49 and 50. 


Let the transition of figure 29 and its 
versine diagram figure 33 now be con- 
sidered. 

In order that the diagram of shte 33, 
from peg O to point B, should become 
similar to the diagram of figure 49, it is 
necessary that the versine f, should be 
zero and that the versine at peg B should 


be equal to Kx N(N = 5). 


These results can only be obtained by 
rotating the are of the transition AC 
(fig. 29) about A, in such a manner that 
point B comes to E on XX’ (fig. 51), 
point € to C,, which has the effect of 
reducing f, to zero; then to rotate the 
part EC, of the transition about E so 


that the versine EG becomes equal to 
Ke xeNs 

Stated briefly, the diagram of figure 
49 represents an are of the transition 


cutting the straight line at peg E at an 
nak fae ‘ 
angle «, whose tangent 1s + (3) (a si- 


milar calculation to that oni page 2028), 
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Fig. 


increased or diminished by the angle 
i) 
=(K <x N— EG) measuring the rotation 


imposed on arc EC, in order that EG 
becomes equal to K x N. 


Calculating EG, 


; BE k [n\? 
CC, = “- (n+-d) = 3 () (n + d). 


If the rotation of are AC about A is 
such that versine f, diminishes without 
becoming zero, or increases, and that the 
rotation of BC about B gives a versine 
at this point equal to K x N, the dia- 
gram of figure 49 is obtained. 


D4. 


d) Characteristics of parabolic transi- 
tions as defined by figure 52. 


Let the transition LPQ (fig. 30) and its 
versine diagram (fig. 33) be considered. 

In order that the diagram of figure 33, 
from peg P to peg T, may become simi- 
lar to the diagram of figure 52, it is ne- 
cessary that the versine at peg P should 
become equal to AP x = (fig. 33) and 
that the versine at peg T should become 
equal to the versine fx of the circular are 
of radius R. 

Considering figure 53, and producing 
the transition are LPQ to R, it will meet 
the circular are tangentially at Q. 

Taking chord RL, the versine PM of 


ow ae 


— se i. 
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the transition at peg P is evidently equal 
to 


Also : 
K /d — m\3 
( reas 
RY Kk eee 2 
Mise ona) 
Making the transition arc LP turn 
about P. to the position L,P, so that 


Rieter Acs 
LL, =2MI= KT = (| , and tak- 


3 @ 
ing chord L,T, it will pass through point M, 


the versineat point P is still PM = AP x : 


and, at P, the transition are makes an 
angle whose tangent is equal to 


K —)- k eee 3 


K 
sa\ a epee ae 


3 \ 


Considering now figure 31, in order that 
the yersine TU at point T may become 
equal to versine f, of the circular are, it 
is sufficient to rotate the circular are TSY 


about T (fig. 54) into position TS,Y, in- 
3 

order that S,S = PN = - - . 

Taking the chord S,P, the versine at T 
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is equal to TV, that of the tangential cir- 
cle of radius R. 

The circular are of radius R makes at 
T an angle whose tangent is equal to : 


K /m\2 k/m\? 7 
saa) ~ 3a): 


Finally the versine diagram of figure 52 
indicates that the transition is broken at 


P following an angle whose tangent is 
k/d—m 

3( il 
of radius R is broken at T folowing an 


3 
and that the tangential circle 


k /m\3 
angle whose tangent is equal to sia: 


General rule. —- The numerous ex- 
amples which have been dealt with show 
‘that in order to determine the geome- 
trical characteristics of a given alignment 
whose versine diagram is known, it is 
enough to compare the latter with ver- 


sine diagrams having alignments of regu- 
lar geometrical outline, then to study the 
rotation of these correct alignments as 
has been done, in order to obtain a ver- 
sine diagram identical with that of the 
alignment whose geometrical character- 
istics are sought. 


Versine diagrams which it is preferable 
to adopt. 


The work which may have to be done 
with versine diagrams is greatly facili- 
tated when these refer to correct align- 
ments. 

It is, therefore, preferable when ad- 
justing a distorted curve, if it is desired 
to avoid big slues, to reconstruct it with 
correct parabolic transitions and circular 
ares of different radii and tangents be- 
tween them. 

It will be seen a little later what are 
maximum differences that can be allowed 
between the radii of two consecutive cir- 
cular ares. 

The following versine diagrams may 
then be adopted. 


a) Circular ares. 


When the tangent point coincides 
with one of the pegs equidistant by 10 m. 
(32. ft. 9 3/4 in.): 

Versine diagrams of figures 2 and 14. 

When the tangent point does not coin- 
cide with one of the pegs equidistant by 
10 m.: 

Versine diagrams of figures 9 to 412 
and figures 16 and 17. 

Versine diagrams of circular arcs which 
cut straight lines (fig. 5) or which cut 
one another (fig. 19) ought not strictly 


speaking to be| adopted except when the 


angles of intersection are very small. 
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bh) Parabolic transitions. 


When the tangent points each coin- 
cide with one of the pegs equidistant by 
10 m.: 

Versine diagrams of figures 28 and 35. 

In the contrary case : 

Versine diagrams of figures 32, 33, 37 
and 38. 

Versine diagrams representing transi- 
tions cutting straights or circular arcs 
with which they join, figures 39, 41, 45, 
46, 49, 50, which should only be adopted 
in exceptional circumstances unless the 
angles of intersection are very small. 


CHAPTER II. 
Superelevation diagrams. 


In principle, at every point of a curve 
there should be provided a supereleva- 


: Une i 
tionS=——-Cx 5 


curvature rat the given point (1). 

A knowledge of the curvature diagram 
leads to that of the superelevation dia- 
gram. The latter may be taken for the 
former when a certain scale is| selected. 

The different versine and curvature 
diagrams dealt with in the preceding 
chapter will now be reviewed. 


proportional to the 


Circular arcs. 


a) Superelevation diagram of a circular 
arc joining directly with adjacent 
straights. 


The curvature at each point of a circle 
of radius R being constant and equal to 


(1) In comparing this equation with that 
1.5 v? 


gR 
’ (v is the speed 


which gives the superelevation S = 
1.5 v2 


it is noticed that C = 


in metres per second). 


4 : : s ; 
R? the superelevation diagram is a straight 
line BC, drawn parallel to the abscisse 


‘ f C 3 
exis, at a distance R? between the ordin- 


ates corresponding to the ends of the cir- 
cular are (fig. 55). 

In the straights a ramp of supereleva- 
tion has to be provided and the diagram 
is thus the trapezium ABCD. The ramps 
are drawn according to permitted incli- 
nations. 

Instructions issued by railway compa- 
nies usually prescribe, at each point of 
tangency of circle and straight, only half 


setdn RSE, : 
the superelevation ER 2 this case the 


superelevation diagram is the trapezium 
EFGH. 

Mr. Marie (*) advises, on account of the 
oscillation of the springs of vehicles, that 
at the tangent point on entering the cur- 
ve, a superelevation slightly greater than 
half the theoretical value should be pro- 
vided, and that at the tangent point on 
Icaving the curve a supereievation slightly 
less than half the theoretical value should 
be provided (7). 

The diagrams of superelevation which 
have just been established evidently agree 
with the diagrams of versines of figures 
2, 4, 5, 6, 7, 9, 10, 11, 12, the latter being 
those of a cireular arc meeting a straight 
line tangentially or cutting it at an angle 
small enough to be negligible. 


(1) « Les oscillations du matériel des che- 
mins de fer a l’entrée en courbe et a la sor- 
itie > (Oscillation of stock on railways at the 
start and finish of curves). (Proceedings of 
the Société des Ingénieurs- Civils [France] of 
November 1905). ] 

(2) The theoretical superelevation, is given 


: 1.5-V2 : 
by the equation S = - (V is the speed 


in metres per second). 


b) Superelevation diagram for two cir- 
cular arcs of radii R, and R, respectiv- 
ely, being mutually tangential or cut- 
ting one another at angles small 
enough to be negligible (figs. 13, 15, 
18,21). 


According to what has been said above, 
the superelevation diagram is composed 
of two straights BC, ED (fig. 56) parallel 
to the abscisse axis, and drawn respec- 


Y 


: @ 
tively at distances a and — between 


the ordinates corresponding to the ends 
of the circular arcs. 

‘As it is impossible to provide two dif- 
ferent superelevations at A, the point of 
tangency or of contact of the two circu- 
lar arcs, one of the ramps HB, FG or DK 
is introduced between the parallels BC 
and ED. me 

The ramps at the ends of the circular 
arcs towards the straights are placed as 
indicated in the preceding paragraph. 

This superelevation diagram with its 
different ramps clearly agrees with the 
versine diagrams of figures 14, 16, 17, 
19, 20, 22, these diagrams being those of 
two circular arcs mutually tangential or 


j 
| 1 
| 1 
1 4! 
Pr 7s, : PL 


Fig. 56. 


cutting at angles small enough to be ne- 
gligible. 


Notes. — Superelevations are not ne- 
cessarily proportional to versines whilst 
they are always so to the curvature a 

In order to draw the superelevation 
diagrams, a start is made by determin- 
ing from the versine diagram, as has 
been pointed out in the previous chap- 
ter, the points of tangency or of contact 
either of the circular ares with the adja- 
cent straights or of the circular ares with 
one another. 


c) Superelevation diagram for curves 
of contrary flexure. 


When the circular ares are consecutive 
without the interposition of a straight, 
it is evident that the normal supereleva- 
tion is obtained entirely on the curves, 
which have not over part of their length 
the superelevation corresponding to their 
radius. This alignment is suitable only 
for low speeds; 30 to 40 km. (18.6 to 95 
miles) per hour, unless the curves are 
of very great radius. For high speeds, 
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from about 60 km. (37 miles) per hour 
it is necessary to separate curves of con- 
trary flexure by a straight of sufficient 
length to enable the ramps to be inserted 
either wholly or partially therein. 

The instructions of some railway com- 
panies even require that a straight of at 
least 10 m. (32 ft. 9 3/4 in.) in length 
and having both rails at the same level 


fe 


hoa 


# Pana. 


Sens de te 


should be left between transitions. The 
superelevation diagram is then that of 
figure 57, 

In the opinion of the author, this 
straight is a defect rather than an im- 
provement. 

The lateral movement will be consider- 
ed of a vehicle (assumed to consist of a 
body suspended on an axle) when the in- 


Peake le 
is Vote lake: 


\ 
tile trlereure | 


ee aa 
Fig. 58. 


Explanation of French terms in figures 57 and 58: File intérieure des rails = Inner rail. — File extérieure 
des rails = Outer rail. — Niveau de axe de li voie = L vel of the centre line of the track. — Parabole 
= Parabola. — Sens de la marche des trains = Direction of travel of trains. 


termediate straight does not exist (fig. 
58). 

Being given the direction of travel, the 
-wheel which moves on the outer rail of 
the track forming parabola AB drops 
from E to B (fig. 58) and that which 
runs on the inner rail rises from F to B; 
the axle therefore rotates laterally in a 
clockwise direction in a vertical plane. 

In the parabola BC, the axle has the 
same sense of lateral rotation and when 
the amount of variation in superelevation 


X—3 


is the same in both parabolas, the velo- 
city of lateral rotation is the same. 

The suspended body of the carriage, 
following the axle in its movement, has 
therefore also a continuous movement of 
lateral rotation from A to C, without 
oscillation, when the parabolas of con- 
trary flexure follow one another without 
the interposition of a straight. 

If the straight alignment BC (fig. 57) 
be interposed between the two parabolas, 
the axle, arriving at B on two level rails, 
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stops its Jateral rotation whilst the sus- 
pended body of the carriage, by virtue of 
its inertia, continues to rotate and oscil- 
late transversely, the springs being 
alternately compressed and released. 

At C the same cause of oscillation is 
present. 

The straight alignment BC interrupts 
at B and at C the continuous rotative 
movement of the vehicle. 

If, on the other hand, it is noted that 
for a vehicle with several axles, the maxi- 
mum value of the compression and de- 
compression of the springs does not ex- 
ceed that resulting from the variation of 
superelevation, that all the axles have an 
equal speed of lateral rotation, that the 
entry of the vehicle into the region of 
the point of inflection takes place with- 
out difficulty (1), it is therefore better 
not to interpose a straight alignment be- 
tween the parabolas and to utilise the 
entire distance between the tangent points 
of the curves for the accommodation of 
parabolic transitions as long as possible, 
and corresponding superelevation ramps. 

Nevertheless, high speed travel will not 
be satisfactory unless the superelevations 
correspond closely to the speed. 

When the curves of contrary flexure 
are, for example, continuations of turn- 


(1) At 10 m, (32 ft. 9 3/4 in.) from the 
origin of a parabolic transition the ordinates 
y usually measure only a few millimetres, the 


: Pe pial Sy 
versine fo ise Rig Aide veny small and ne- 


gligible (figs. 24, 28). Consequently (fig. 23) 
if the ordinates AF and CH are very small, 
ares AT and TC (which are supposed to be 
transition ames) are in practice capable of 
confusion with TF and TE, parts of the 
straight, It is possible to say, therefore, with- 
out appreciable error, that the origins of two 
adjacent parabolic transitions are separated 
by a straight line 20 m. (65 ft. 7 3/8 in.) long. 


outs, which cannot be provided with 
transitions, it is possible to give, as 
Mr. Marié advises, a little less than half 
the theoretical superelevation at the tan- 
gent point at the exit from the first curve 
and a little more than this half at the 
tangent point at the entrance to the fol- 
lowing curve. 

The variations of superelevation are 
effected entirely on the straight AB lying 
between the two tangent points A and B 
of the curves. 

It is preferable, as stated above, not to 
interpose between the superelevation 
ramps, a portion of non-canted road, but 
to use the whole of the straight AB for 
the provision of ramps, in order to have 
the variation in superelevation as small 
as possible. 


Parabolic transitions or theoretical 
spirals. 


a) Superelevation diagram for a transi- 
tion or theoretical spiral. 


1. When the points where the transi- 
tion is tangential to the straight and to 
the circular arc each coincide with a peg. 


The straight OB (fig. 28), being the 
diagram of curvatures of a transition or 
theoretical spiral, is also the superele- 
vation diagram when the scale of the 

ee Wied ; 
latter is 50 times smaller than the versine 
scale, C being the superelevation coeffi- 
cient. 


In fact : 
4 ad? 4 
SO Tche ite nlek snaeheee 
from which 
5°) BC ecG 


—~=—; = for d= 10m. 


: 
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When the superelevation scale is any- 
thing, the diagram is a straight line 
inclined to the abscisse axis having its 
origin at C and its extremity on the pth 
ordinate. 


2. When the points where the transi- 
tion is tangential to the straight and to 
the circular arc do not each coincide with 
a peg. 

By the same argument as that above, it 
is seen that the superelevation diagram 
is, either the straight line AQ, (figs. 32 
and 33) when the superelevation scale is 
ste f 
50 times smaller than the versine scale, 
or a straight line having its origin at A 
and its extremity on the ordinate through 
Q when the superelevation scale is any- 
thing. 

b) Diagram of superelevation for two 
circular arcs of different radius joined 
by a theoretical transition. 


1. When the point where the circles 


and transition are tangential each coin- 


cide with a peg. 

The superelevation diagram is either 
the straight line A,Q, (fig. 35) or a 
straight line having its origin at A, and 
its extremity on the ordinate passing 
through Q. 


2. When the points where the circles 
and transition are tangential do not each 
coincide with a peg. 

The superelevation diagram is either 
the straight line A,Q, (figs. 87 and 38) 
or a straight line having its origin at A 
and its extremity on the ordinate passing 
through Q. 


Parabolic transitions or incorrect 
spirals. 


a) Superelevation diagram for the transi- 
tion whose versine and curvature dia- 


gram ts a straight line AP’, inclined to 

the abscisse axis (fig. 39). 

The superelevation diagram is either a 
straight line AP’,, if its scale is 50 times 
smaller than the versine scale or a 
straight line having its origin at A and 
its extremity on the pth ordinate when 
the superelevation scale is anything. 

The same thing applies for the versine 
diagrams of figures 41, 43, 44, for which 
the curvature diagram is always the line 
AP’. 


b) Superelevation diagram for a transi- 
tion joining two circular arcs of ra- 
dius R, and R,, and whose versine and 
curvature diagram is the straight line 
A,Q, (fig. 45). 


The superelevation diagram is either 
the straight line A,Q,, or a straight line 
inclined in the same direction to the ab- 
scisse axis, having its origin at A, and 
its extremity on the ordinate passing 
through Q. 


c) Superelevation diagram for a transi- 
tion whose versine and curvature dia- 
gram 1s a broken line inclined to the 
abscisse axis. 

The superelevation diagram is either 
the broken line OFA (fig. 46), if the scale 
is suitably chosen, or a broken line such 
as OF,A,. In many cases this broken line 
is replaced by a straight line. 


Calculation of superelevation in terms 
of the versine. 


It is convenient to know the superele- 
vation as a function of the versine : 
eat inna? r 4 
br 2Re 2 R 
d being the interval between pegs, 


<x OEE 


whence 
4 9 AA, 
—_——— Cc wR = ( >.< Tr = TES x 
Terre XM Neustte 


CHAPTER III. 


Examination of the simplifications to 
be used in the preparation of su- 
perelevation diagrams. 


Superelevation diagram for a curve 
of varying radit. 


Actually curves adjusted by the correc- 
tion of versines are often constituted, be- 
tween the transitions of entry and exit, 
of a series of small circular ares of mu- 
tual tangency or cutting one another at 
negligible angles. 


Should its relevant superelevation of 
C 
Sper be applied to each of these arcs ? 


It is seen that this rule would necessi- 
tate setting the lines of rails of the curve 
to follow a sinuous longitudinal profile. 
The plane of the track would consist of 
an uneven succession of irregular sur- 
faces on which vehicles would not travel 
without oscillating on their springs, 
which in certain cases would be preju- 
dicial to the comfort of passengers. 

Thus it is desirable to determine the 
maximum value which can be reached by 
the difference between versines of two 
successive circular ares, in order that in 
providing the latter with the same super- 
elevation, rapid speeds may ‘be attained 
by the vehicles without appreciable shocks 
to passengers. 


a) Tangential circular arcs. 


The instructions of the big railway 
companies lay down that it is useless to 
interpose transitions between straights 


and curves of more than 2 000 m, (100 
chains) radius. 

They prescribe in addition the provi- 
sion at the tangent point of a superele- 
vation equal to half that which is reached 
in the body of the curve. The experience, 
which justifies these rules, shows that a 
curve of 2500 m. (125 chains) radius 
may be entered without appreciable shock 
at a speed of 95 km. (59 miles) per hour 
(v — 26 m. (85 ft. 3 5/8 in.); a super- 
elevation of 


115 


5 Hoy — 9-018 (19/32 inch) 


being provided at the tangent point. 
In this case the centrifugal force 


mv2 m xX YF" 
R 25v0 


is partly balanced by the component of 
the weight mg due to the superelevation. 
This component is equal to + 


mg x 0.015 
1.50 


(1:50 m. [4 ft. 11 in.] = gauge of track). 

Finally the force which would tend to 
throw a passenger, standing in a corridor 
of a coach, towards the outside of the 
curve, equal to 


m xX 26° mg X 0.015 s 
2 dV0 1.00 ) 


is without effect on this passenger. 


Let there be now considered two curves 
of radii R, and R,, tangential to one an- 
other (R, < R,) and having the same 
superelevation, namely, that which suits 
the curve of radius R,. 


The passenger referred to, whilst tra- 


velling from curve of radius R, to curve 


le 


hes ff rieenes, 


: 
z 
-; 
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of radius R, at a speed of 120 km. (75 
miles) per hour (v = 33 m. [108 ft. 
3 1/4 in.]) would be roughly subjected 


at the tangent point between the two cur- 
ves to a force equal to the difference of 
the centrifugal forces. 


mv? mv? sal | \ 52/1 if 
ree == mv — = iN 33) ar 3 
Ry : 


reer 


Ry 


eR 


In order that this force may be without effect, it is sufficient that it should be 
equal to the value given by the equation (1), 


which gives 


m26° mg X 0.015 peeey hi 
pe ee oo 222: pee ee eeeseaie, 
2500 ie fe i) 
36" 9.81 0,015 33° Gia) 83° x2 py 
2 500 TEE Se OE aes ee TTD (fh). 
%) 
(with d = 10 m. [32 ft. 9 3/4 in.]), 
from which 
5e2 «9. 8t x 0.015 100 Biase 
hae Se0u Pec taal CECI 0.008 (5/16 inch). 


For a curve of radius 2400 m. (105 
ehains) it is found that 


(f2 — fi) = 9.009 (23/64 inch). 


On the other hand, the difference be- 
tween the curvatures considered being 
very small and sensibly equal, whether 
passing from the straight to the curve of 
2500 m. (125 chains) radius or whether 
the curves whose versine difference is 
9 mm.-(23/64 inch) are considered, the 
lateral reactions which result from the 
rocking oscillations at the entrance to the 
curve are negligible. Consequently the 
same superelevation may be provided for 


two tangential circular arcs whose ver- - 


sines do not differ by more than about 
10 mm. (25/64 inch). 


b) Intersecting circular arcs. 


When two circular ares meet, without 
being tangential, the versine diagram be- 
ing that of figure 19, it is known that 
they cut one another at an angle whose 


iad 
m 


tangent is equal to r (10 m. being 


the interval between pegs). 

In this case, there is a change of direc- 
tion at point A (fig. 18) and a pendulum 
of length 1 m. and weight mg suspended 
in a coach which is travelling at a speed 
of v metres per second immediately has 
imparted to it a lateral velocity of 

(fa—f) 

Vv a : 

For. 0 -==33 m:. (408 ft. 2174>in:), 
f. — f, = 10 mm. (25/64 inch), the cal- 
culation shows that the pendulum swings 
at 0.04. 

This oscillation being negligible if fol- 
lows that the lateral component of the 


Lo sok 0.01 
velocity Gk 


Vy = 


is without effect on 


the said passenger. — 

Therefore, the same superelevation may 
be applied to two circular ares which cut 
one another, when their versines do not 
differ by more than 10 mm. (25/64 inch). 
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JUNCTIONS. 


In finding in a similar manner the 
versine differences (f, — f,) for speeds 
of 60, 70, 80, 90 and 100 km. there is 
found also, for a given speed, the value 
of the radii of the curves which may fol- 
low one another (without the necessity 
of varying the superelevation) in the 
alignments of junctions and of cramped 
portions of the track, where it is seldom 
possible to interpose transitions between 
the curves of different radii and conse- 
quently to make the superelevation vary 
in a progressive manner. 

Nevertheless when it is possible to in- 
terpose a transition between two curves 
of different radii and to vary the super- 
elevation, it is worth noticing that the 
diagram of figure 45 has the same shape 
as that of figure 44 (mutually tangential 
circular ares) when the development AQ 
of the transition extends over two inter- 
_ vals, in practice the two alignments fit 
over one another. 


There is indefiniteness which, to be 
removed, necessitates the interval being 
reduced along the whole length of the 
transition, that is to say more pegs should 
be placed. The author considers this to 
be unnecessary. 

Actually, on account of the inertia of 
the supended body of the coach, during 
the short time which a train takes to 
travel over this transition, a passenger 
standing in the corridor is roughly sub- 
jected to the action of a difference of 


centrifugal force whether there is a 


transition of from 10 to 20 m. (32 ft. 
9 3/4 in. to 65 fr. 7 3/8 in.) in length 
or whether the circular arcs are mutually 
tangential. 

In order that the passenger’s comfort 
should not be disturbed it is even prefer- 
able that the difference of versines 
(f2 — f,) of two consecutive curves _ 
should not be more than 10 mm. (25/64 


inch). 


ee 
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{ 513: 628 143.5 ] 


Statistics of rail breakages during the year (928, 


—e 


a 


In accordance with the resolution passed at the London Congress, 1925 (4), we 
publish the tables hereafter giving the information which has been sent in by the 
adherent a administrations on the subject of the breakages of pe which occurred 
on their systems during the year 1928. 

For the sake of simplification and unless stated pee e 

_ Light rails applies to rails of a weight less than 83 |b. per yard (42.5 kgr. per metre 
ee to rails 28 oy to hs lb. per ei sit 5 to 52. 5 kgr. per metre). 
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NAMES 
OF 
ADMINISTRATIONS 
AND 
DESCRIPTION 
OF 
RAILS. 


BELGIUM. 


Belgian National 
Railway Company. 


Light rails : 


Weight : 38 kgr. 
(76.60 Ib, per yard), 


profile adopted in 1803 (steel). 


Weight ; 40.65 kgr. 
(81.94 lb. per yard), 
profile adopted in 1898, 


Medium rails : 


Weight : 50 ker. 
(100.79 1b. per yard), 
profile adopted in 1910. 


Weight : 52 ker. 


(104.82 lb. per yard), 
profile adopted in 1886, 


Heavy rails : 


Weight : 57 ker. 
(114.90 lb. per yard), 
profile adopted in 1907, 


Total. 


=| i aa 
| 


Length of single track 
with each rail profile. 


Miles. 


1 476.8 


2 096.6 


291.9 


4 193.7 


Age of rails : 


5 years and less, 


6 to 10 years. 


Year 
of 
manu- 


facture, 


3 


1924 to 1928 


1924 to 1928 


of fractures 


the length 
of the rail, 


> 


Number 


At 
the joint. 


on 


10 


n 
ots 
; ae 
a ieees a“ 8 
- = HO 
© obo Moms 
ee G9 wZ | °° 
Ey eA Sl Bigs 
2 ed 2on. 
et ‘a ° GP 
= =) 
Zz 
b 7 8 
Miles, 
E 
3 178.0 10.47 
Il 278.8 5.34 
E 
i om mn 


Number of English tons (gross) hauled, passengers and goods : 30 387 830 050. 
Number of train miles : 43 438 016. 


Total number of fractures ; 249, 
Number of fractures per 10 000 000 train-kilometres or 6 250 (00 train-miles 


: 85.61. 


Year 

of =e 
a 

manu- oH 
=o 

os 

facture. a 
PR) 

9 1U 


1919 to 1923) 2 


1919 to 1923 


~) 


Number 


of fractures 


At 
the joint, 


= 


ad . 
mo © 
cm w 
vl © BO -m 
3 Has 
2 = ~ 
<a] so 
12 ———$—<—$—$—$—$$—$————————————————————————————_—_—_—_——- eric ie |S 
Miles. 
7 147.3 
20 549.9 
27 : 


per 1 000 km 
of per 625 miles 


) of fractures 


22.5) 
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Age of rails: 
re “ : 
45 to 20 years. more than 20 years. or 8 Es s 
es ne 4 8 2g 3&3 
¥ Ses peas a238 8 
Number of fractures. Number of fractures. eye Eo S455 3 
he ers ch Sno Orn le = 
Year Year 22% a E22 0 2 S$ 
= s See =o 5S 2 
of es op pas of ae Wega (cee ee E 
Su8 | 23 2 G8 | oF 3 sEe Be a : 
manufacture, wi Cos <3 5 manufacture. Bere 4:5 = =o 245 a = 
Sis 2 S 48 g cS =o 
g = a Sat S ZS i} 
een an lc maeel iat lan Ge limana \0.cnear| arc imeeion lie2e| ants eet GR LS cicicl ch oe Oman 16 20 2] 22 23 24 23 20 
. Miles. Pounds, 
owe sae 3 1 4 113.2 21.95 q 
1909 to 1914 2 1898 to 1908 36 44 80 1 151.5 48.56 100 
1910 to 1914 7 = on ee 267.9 92.80 71 
; 44 090 
oo ae 1887 to 1908 7 11 18 215.2 51.94 18 
1908 to 1914 17 Sx i ws 291.9 119 22 56 
ose 26 46 56 102 aos Bo: 249 
, At the joint. Outside the joint. 
Ds Lage 7OUs ome ens 55.76 44.24 
Percentages of fractures : Il. Medium rails . .. . 78.87 21.13 


TIES Heavy, rails are. 7. 69.64 30.36 
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Age of rails: 
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6 250 000 train-miles ; 12, 


24, 


Number of train-miles : 2 156 484. 
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(*) On part of system only (2 246 miles). 


Number of fractures per 10 000 000 train-kilometres 


: 24 973 340. 


Number of train-miles 


155, 


or 6 250 000 train-miles : 


: 625. 


Total number of fractures 


Owing to the little importance of the system operated, this Company is unable to supply any useful information 


Compagnie belges de 


Chemins de fer 


et d’Entreprises. 
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PARIS, LYONS AND MEDITERRANEAN RAILWAY. 
TABLE I. 


rere ee 


Fractures covered by the fishplates. 


Fractures clear of the fishplates. 


Number. Percentage. 


Number. Percentage. 
ee 


aoe tee oes vee 


eee 


Tighter Alls vpaeeitere its ataecie ais 86 38.74 136 61.26 
Mediams—--- Sass 08 at no, 2 200 77.52 58 22.48 
FLCR VY ge ree al pu at ae 1 100.C0 
TaBLe II 
a a a a a a ee 
Fresh and clean fractures through 
‘the whole of the rail section. Beate cS aE y ON 
Number. | Percentage. Number. Percentage. 
ee 
bight-Taus\; cA° cee Gps) ol. 122 54.96 100 45.04 
Medium —. Peek fe ee ee 146 56.59 112 43.41 
Heavy to 5.) te ae ] 100.00 
TasBLe IIT. 
Rails broken into : 
2 pieces. 3 pieces. 4 pieces 5 pieces 6 pieces. 
Per- Per- Per- Per Per- 
Number. | centage, | Number. | contage. Number.) centage, J Number. | contage. J Number. | centage. 
Light rails 9 172 77.48 35 Svar is 12 5.40 2 0.90 i 0.45 
Medium— .. ., 17 68.61 42 16.28 27 10.47 10 3.87 2 0.77 
Heavy — ‘a 1 100.060 an See cos “a ve 
TABLE LV. 

Fresh and clean fractures | Fractures with old part | Fractures with much 
through the whole of extending to the outer rusted old part not 
the rail section. surface extending to the out- 

er surface of the foot 
With Without ‘3 i or the head, 

oval mark. oval mark. of the foot, of the head. 

Per- Per- Per- Per- _ ; 

Number. centage. Number. centage. Number. centage. Number. centage. Number. Percentage 

Light rails . 15 6.76 107 48.20 24 10.81 39 17.57 37 16.66 

Medium — . 9 3.46 137 Eye ul 26 10.08 28 10.86 58 22.49 
Heavy — . er 1 100.00 
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10 to 15 years. 
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Bouches-du-Rhéne 
Departmental Ra 
and 
Electric Tramways. 


Light rails 


Number of train-miles : 250 854. Number of fractures per 10 000 000 train-kilometres or 


Total number of fractures : 6, 


148.6 


0 000 train-miles : 
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Number of fractures per 10 000 000 train-kilometres or 


les ; 362 152. 
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Total number of fractures 
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Number of train 


188. 


6 250 000 train-miles ; 
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[669.1 ] 


Hardening of steel in the Wild-Barfield electro-magnetic furnace. 


a 


Figs 1 to 6, p. 2095 to 2097. 


(Le Génie Civil.) 


The exact determination of the mo- 
ment when a piece of steel which is 
being heated has just reached its trans- 
formation point is an everyday problem 
for manufacturers who have to harden 
pieces of steel, since hardening failures 
are almost always due to errors in heat- 
ing. If heating is insufficient, certain 
portions of the pieces are hard and 
others are soft, resulting in an insuffi- 
cient average hardness. If, on the con- 
trary, the steel is over-heated, the grain 
is coarse and the excessive amount of 
cementite’ dissolved in gamma_ iron 
causes a reduction in strength. The 
most serious point is that these defects 
‘do not appear on the surface of the 
pieces; steel hardened at a high tempe- 
rature has no blemishes, is hard to the 
file and gives satisfactory results with 
most testing machines, but at the end of 
a short time, the tool breaks or is de- 
formed. 


For a long time it has seemed that 
the exact determination of the tempera- 
ture of the pieces undergoing treatment 
was a sufficient condition for obtaining 
correct hardening, whence the use of 
pyrometric methods. The most perfect 
pyrometer, however, only indicates the 
temperature of the heating chamber or, 
very approximately, that of the surface 
of the piece. It will never indicate the 
temperature of the core of the piece, 
which, however, is the only temperature 
that counts in obtaining correct harden- 
ing. 

Moreover, this temperature, even if 
known exactly, cannot be a sufficient in- 


dication, because the critical tempera- 


ture varies with the rate of heating, and 
not merely, as is often believed, with the 
composition of the steel and the degree 
of work-hardening. The moment at 
which the steel should be quenched is 
that at which it has just reached a cer- 
tain state, determined by a special arran- 
gement of its constituents, a state which 
only lasts for an instant, and of which 
advantage must be taken to cool the 
piece quickly. 

This state is not always reached at 
the same degree of temperature. The 
curves (figs. 1 and 2) illustrate this, and 
also provide some idea of the order of 
magnitude which may be attained by the 
variations due solely to the differences 
in the rate of heating for a steel contain- 
ing 1.4 % carbon. The two samples 
were taken of course from the same 
piece of steel, and in order to ensure 
exactness of the temperature determina- 
tion, the pyrometer couple was inserted 
inside the steel. The steel was correctly 
hardened in both cases, although the 
hardening temperature varied by 30° C. 
(86° F.), by no means an exceptional fi- 
gure. 

Thus, hardening based on the measu- 
rement of temperature can only give 
very mediocre results. In most cases, 
the pieces are over-heated. 

Two phenomena of a physico-chemi- 
cal nature accompany the passage of 
steel through its critical temperature : 


a) The loss of its magnetic properties, 
which loss is complete the exact moment 
the steel reaches its critical temperature; 
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Figs. 4 and 2. — Variation of the magnetism 
of a steel with the rate of heating. 
Explanation of French terms: Acier a 1.4*/, C. = Steel 

with 1.4 °/, carbon. -- Echelle du détecteur magné- 


tique = Scale of magnetic detector — Mugnétisme = 
Magnetism. 


b) A reduction in the rate of heating 
at a moment when the hardening tempe- 
rature is still far from being reached. | 

Some metallurgists have thought to de- 
termine the hardening temperature by 
noting this second phenomenon by 
means of a recording pyrometer, the 
pointer of which indicates a deviation on 
the temperature-time curve (fig. 3). As 


previously stated, however, this moment 
is far in advance of the passage of the 
steel through the critical point, and there 
is just the same uncertainty as with the 
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Fig. 3. — Comparison of the temperature-time and 


magnetism-time curves, showing that a certain 
time elapses between the end of decalescence and 


the complete disappearance of magnetism. 


Huplanation of French terms: Acier 


magnétique = 


Magnetic steel. — Acier non magnétique = Non-ma- 


gnetic steel, 
indicator, 
decalescence, 


ordinary pyrometer. That is why it is 
preferable to base the observations on 
the first-mentioned phenomenon, i. e., 
the complete loss of magnetism, which 
for most steels coincides with the critical 
point (Ac2 point, or Curie point). In 
point of fact, what it is necessary to 
ascertain is the exact moment-at which 
the change in structure is accomplished 
(solution of the cementite in y iron). 

For all steels containing more than 
0.35 % carbon, that is to say, all the 
carbon steels used in industry, this coin- 
cidence is perfect. It only ceases for 
alloys containing more than 2 % chro- 
mium or 5 % tungsten, such as high 
speed tool steels, which are hardened at 
much higher temperatures than their 
transformation point. 

Using as a basis these principles, 
which were enounced in 1897 by Ro- 


— Indicateur magnétique = Magnetic 
— Période de décalescence = Period of 
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berts-Austen and later confirmed by 
Honda and by the greatest metallurgists 
of England, America and France, the 
English physicist Wild, in collaboration 


Arrivee 
du Courant 
laud 


Fig. 4. — Wiring diagram of a Wild-Bartield 
furnace. 


Explanation of French terms: 
Arrivée du courant = Curreat supply. 


with Mr. Barfield, has designed an indus- 
trial apparatus capable of indicating the 
hardening point of steel in an exact and 
automatic manner. 


Description of the furnace. — The 
Wild-Barfield electromagnetic furnace 
for the automatic hardening of steels 
_ (figs. 4 to 5), is composed substantially 
of two sets of windings F and C (fig. 4) 
connected in opposition, the electromo- 
tive forces of which are equal and oppo- 
site. 

The double winding C forms the 
« compensator ». It has a movable iron 
core so that its induction may be adjust- 
ed and made equal to that of the furnace. 
Under these conditions, the magnetic de- 
tector D, placed in series with the fur- 
nace windings and the compensator, re- 
mains at zero, at least while the furnace 
is empty. 

If a piece of magnetic steel is intro- 
duced into the furnace, the effect of the 
presence of this mass is to increase the 


mutual inductance of the winding F. 
Equilibrium is then upset, and the poin- 
ter of the magnetic detector moves 
under the action of the F current, which 
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Fig. 5. — Vertical diagrammatic section 
of a Wild-Barfield furnace. 


Temperature limiting fuse. 
Winding of the magnetic detector. 
Heating winding of the furnace chamber. 


Legend: A, 
B, 
C, 
D, Cover in two parts. 
E, 
F, 


Rod for suspension of the charge. 
Tripod supporting the charge. 


has become greater than the C current. 
If, however, the piece of steel is intro- 
duced into the hot furnace, its tempera- 
ture will rise, and tend to become in 
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equilibrium with that of the furnace. Ata 
certain moment, the steel piece will pass 
through the Ac1 point, beyond which its 
magnetism diminishes. The pointer of 
the magnetic detector thus gradually re- 
turns to its initial position, which it 
reaches when the piece, whose tempera- 
ture always continues to rise, arrives at 
the Ac2 point, beyond which all trace of 
magnetism disappears. 

Steel which has just reached its trans- 
formation point is in the best condition 
for giving a perfect hardening. In this 
method, it is certainly the core of the 
piece which affects the detector, without 
the intervention of the temperature of 
either the piece or the furnace. 

Figures 5 and 6 show the actual con- 
struction of a vertical type of furnace; 
there is also a horizontal type. 


Tests. — The following are some re- 
sults of comparative tests of hardening 
by the Wild-Barfield and by the pyrome- 
tric method. 

In carrying out the tests on the samp- 
les heated in the Wild-Barfield furnace, 
a cylindrical, vertical type apparatus 
was used, without any apparatus for 
making pyrometric measurements. : 

For the samples treated by the pyro- 
metric method, gas furnaces and _ plati- 
num-rhodium thermo-electric couples 
were used. 


Hardness. 


1. Semi-hard steel (Cc = 0.6 Mun = 0.22 
Si — O15 We 0-3)5 
Diameter of sample, mm. 
(inches) tee secs: > 20 40 
(25/32") (419/416") 
Brinell hardness, before 


hardening .. : . 213 213 
id., after hardening, 
using. Wild-Barfield 
furnace... a...» «| 600 660 
id., after hardening, 
using gas furnace . 640 600 
2. Hard steel (C = 1.-% Mn = 0.1 Si 


=, «Wiss, 0:3)s 


Fig. 6. — Wild-Barfield furnace in front 
of its control panel. 


In the middle of the ‘panel is seen the rheostat for 
regulating the heating current, on the right-hand side, 
the circuit breaker, on the left hand side the cases of the 
pyrometer and the magnetic detector. 


Diameter of sample, mm. 
Ganches)s aaa ee 25 40 
(63/64") (19/16) 
Brinell hardness, before 3 


hardening 9). 2s. 2lo 275 
id., hardness, after 
hardening, using 
Wild - Barfield fur- 
NAL CMe unsere Mae LU 700 
id., after hardening, 
using gas furnace . 508 506 
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Deformation. — Measurements carried 
out on the above-mentioned samples 
show that a cylindrical bar 20 mm. in 
diameter remains cylindrical with a dia- 
meter of 20.066 mm. if it is heated in the 
Wild-Barfield furnace; when heated in 
the gas furnace it does not remain cylin- 
drical and the diameter varies from 
20.005 mm. to 20.08 mm, 


Brittleness. — The Cadillac Motor 
Company ascertained that if 936 foot- 
pounds are required to fracture the 
tooth of a gear wheel hardened by the 
ordinary method, 1 820 foot-pounds are 
required to break a tooth of a gear wheel 
hardened by the Wild-Barfield method. 

From the figures given above, it fol- 
lows that the advantages of the Wild- 
Barfield method are more pronounced, 
the larger the diameter of the samples. 
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This shows that it is the core which is 
heated, and the exactitude of the heating 
temperature Sige ge the absence of de- 
formation. 

The method is not solely adapted for 
laboratory tests, because the Wild-Bar- 
field furnace is an industrial apparatus, 
which is robust, well lagged, and protect- 
ed by an aluminium casing, and which 
may be operated by an unskilled work- 
man. It is provided with a silver fuse 
automatic temperature-limiting device, 
which interrupts the current if the tem- 
perature of the furnace accidently rises 
above 960° C. (1 728° F.) (a red lamp 
is then lit and warns the operator). 
Moreover, it has been adopted in most 


of the heat treatment shops of the large — 


works. 
ChzD: 
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NEW BOOKS AND PUBLICATIONS. 


[ 628. 235 | 


BUTTNER (Max), Dr. phil. — Die Beleuchtung von Eisenbahn-Personenwagen 
(The lighting of railway carriages), 4th editiou. — One vol. (9 x 6 */; inches) of 195 pages 
with 128 figures. — 1930, Berlin, Julius Springer, publisher. (Price, bound ; 15 Rm.). 


This book is the fourth edition, enti- 
rely revised, of a classical and much ap- 
preciated work on the lighting of pas- 
senger .rains and in particular on the 
electric lighting of carriages. After a 
short introduction on the history of the 
development of train lighting, the author 
succinctly recalls in the first half of the 
book the arrangements for lighting: 1. by 
means of candles, or oil or petrol lamps; 
2. by oil-gas, by coal-gas, by acetylene 
(Piutti lighting, or else dissolved acety- 
lene), all of which systems tend to dis- 
appear in face of the generalisation of 
electric lighting. 

The second half of the work dwells in a 
detailed manner on the systems of light- 
ing by electricity. The first chapter con- 
tains a study of accumulators : lead ac- 
cumulators, nickel-iron and nickel-cad- 
mium accumulators; the second chapter 
deals with their utilisation for the light- 
ing of carriages. The systems of light- 


[ 383. 091 (8) ] 


ing by means of a dynamo with auxiliary 
batteries is the subject of the third and 
most important chapter. It consists of 
two large subdivisions: I. Lighting of 
the train by a dynamo worked by a spe- 
cial motor (placed either in the guards- 
van or on the locomotive); II. Lighting 
of each coach by a dynamo driven, by 
one of the axles. The author studies in 
turn the arrangements for the suspension 
and controlling of the dynamo, the prin- 
ciples of the regulating of its electromo- 
tive power and of the lamp voltage; then 
he passes on to a detailed description of 
the numerous systems which have been 
used. 

The fourth chapter is concerned with 
lighting accessories, and the book ends 
with a study of the advantages and dis- 
advantages as well as the cost-price of 
the different systems of lighting consid- 
ered. 
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THE RAILWAY GAZETTE, — First & Second Special Indian and Eastern Numbers. — 
Two issues of 152 and 168 pages respectively with coloured map and numerous illustrations 
and maps. — 1929, published by the Editor of the Railway Gazette, 33, Tothill Street, 
Westminster, London, S. W. I. (Price of each numbea : 2 sh. 6 d.). 


The Railway Gazette has brought out 
two special numbers devoted to a study of 
the railways of India and of the Far 
East countries, notably Ceylon, Malaya, 
Siam, China and Japan, The informa- 
tion published has been derived from 
official sources with the assistance and 
approval of the governments concerned. 

They are two voluminous issues gener- 
ously illustrated. The first deals with 
the State railways of India and the rail- 


ways of Malaya and Ceylon. The sec- 
ond describes the railways worked by 
Companies in India and also the rail- 
ways of Siam, Japan, Manchuria and 
China. 

The railways of India consist of 41 000 
miles of line, of which 30000 miles be- 
long to the State but only 18000 miles 
of which are directly worked by the 
Indian Government. The State system 
principally consists; of the North West- 
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ern, the East Indian, the Great Indian 
Peninsula, the Eastern Bengal and the 
Burma Railways. The work gives a de- 
tailed description of these railways : the 
country served, the kind of traffic, spe- 
cial working conditions, rates, adminis- 
trative organisation, stations, workshops. 
The greater part deals with the Indian 
railways, but there also chapters deal- 
ing more or less extensively with the 
lesser railways, such as those of Ceylon 
and Malaya. 

A coloured map showing the general 
distribution of the Indian railways is 
appended to the two volumes. © 

The second volume also contains an- 
other special map of the company-oper- 
ated Indian railways. This volume de- 
scribes the Bombay, Baroda & Central 
India, the Bengal-Nagpur, the Madras & 
Southern Mahratta, the South Indian and 
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the Bengal & Nord Western Railways, 
etc. Among the railways of the Far. 
East dealt with mention must be made 
of the Royal State Railways of Siam 
(1 875 miles), the Japanese Government 
Railways (8 355 miles), the Japanese Co- 
lonial Railways, the South Manchuria 
Railways and the Chinese Railways. 

There are very many photographs 
showing the passenger and goods sta- 
tions, the permanent way installations, 
structures, signalling, characteristic ty- 
pes of locomotives and rolling stock, and 
picturesque views of the country tra- 
versed. 

These two sonitnes constitute a docu- 
ment of great value which gives us com- 
plete information concerning the deve- 
lopment of ae railways in the abet 
concerned. 

E. M. — 
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Bulletin, February 1930. Report by Messrs. Ripera and Garcra-LoMAS 


(Question XIX, Madrid Session). 


iP cM 2nd col tabl 
age ————., 2nd column, table: 
XIX-96 
Instead of « Francs », read « Centimes » (Swiss currency). 


Bulletin, March 1930. Report by Mr. Liperz (Question V, Madrid Session). 


863 
Page aie 1st column, 3rd line of 3rd paragraph : 


Instead of « in the World » read « in the United States ». 


1402 


Bulletin, May 1930, page i. 
oO 


Communication from Mr. R. P. WaGNeErR, Special Reporter on Question VI, 
Madrid Session : 

Our attention has been drawn to an error in our special report on Ques- 
tion VI (Madrid Session). We indicated the maintenance costs of the various 
types of preheaters as follows : 


« 1, Exhaust steam injector, Friedmann : 1.50 fr. per 1000 train-km, (2.41 fr. 
per 1 000 train-miles) ; 

2. Surface heater, Knorr: 29.15 fr. per 1000 train-km. (46.90 fr. per 1 000 
train-miles) ; = 

3. Contact heater, ACFI/RM: 21.90 fr. per 1000 train-km. (35.24 fr. per 
1000 train-miles) ». 


and we added : 

« It may be safely assumed that the estimate 1) is in gold-francs, whereas 2) 
and 3) are in French francs. By making the appropriate conversion the actual 
comparison is found to be: 


for 2): 4.8 gold-fr. 
for 3): 3.43 gold-fr. » 


This information shovld be replaced by that hereafter : 


1. Exhaust steam injector, Friedmann : 1.50 French francs per 1000 tr.-km. 
on French francs per 1000 train-miles). 
. Surface heater, Knorr : 29.15 French francs per 1 000 — Eee French 
ae per 1 000 train-miles). 
3. Contact heater, ACFI/RM : 21.90 French francs per 1000 tr.-km. (35.24 
French francs per 1 000 train-miles). 
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Bulletin, August 1930 (Summary of Proceedings, Madrid Session), p. 1836. 


Item a) of Paragraph 5, Summary, ‘Question II should be worded as follows : 


a) to utilise rails obtained from the head of ingots in those parts of the line — 
which are least heavily stressed. — The remainder of this item « and to lay them 
in such a manner that the wheels first run on to them at the end See from: — = 
the ingot head » should be delected. > = 
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Bulletin, August 1930 (Summary of Proceedings, Madrid Session — Question — 
IV) yp aed. 2nd column, 7th line from bottom : 


: ball 
Instead of : ZAVADJIL Cfngosiay State) read : teste _(Tonehetoraion ek, 
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